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1. In t roduct ion  

The successfu l  f l i g h t  of Astronaut L. Grodon Cooper completed the 

f i r s t  phase of t he  U.S. Man-in-space p ro jec t s .  The Pro jec t  Mercury 

spacec ra f t  w a s  o r i g i n a l l y  developed f o r  a bas i c  th ree -o rb i t  mission with 

the  c a p a b i l i t y  of a poss ib l e  extension t o  an 18-orb i t  f l i g h t .  

goa ls  were a l l  accomplished without a major mishap and t h e  as t ronauts  have 

proven t h a t  man has a p lace  i n  space. 

ou t  the  as t ronaut  on board, recovery of a t  l e a s t  two of the  Mercury space- 

c r a f t  would not  have been accomplished. 

These f l i g h t  

It i s  a recognized f a c t  t h a t  with- 

The use  of man i n  follow-on f l i g h t  p ro jec t s  i s  being expanded with 

mission extension. 

spacec ra f t  with automatic and manual systems i n  which the  as t ronauts  served 

as backups t o  these  systems to  the  Apollo f l i g h t s ,  i n  which prime con t ro l  

w i l l  be provided by t h e  crew. 

f l i g h t  crewmen provides an increasing r e s p o n s i b i l i t y  and a more complex 

cha l lenge  t o  the  bioengineer,  phys io logis t ,  and the  physician t o  provide 

s a t i s f a c t o r y  l i f e  support  and p ro tec t ive  systems and t o  e s t a b l i s h  a funda- 

mental understanding of crew physiology and performance i n  space f l i g h t .  

This extension involves progressing from the  Mercury 

This expanding and c r i t i c a l  role of the  

Some of the  crew systems development and thermal con t ro l  problems 

encountered i n  the  Mercury f l i g h t s  are described. The food, b io ins t ru -  

mentation and atmospheric instrumentat ion systems flown i n  Cooper's f l i g h t  

are b r i e f l y  discussed. 

The physiological  research  programs which are being conducted t o  

provide  design information f o r  the Gemini and Apollo spacecraf t  sub- 

systems are out l ined .  The feeding concepts being employed f o r  t h e  
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Gemini spacec ra f t  are a l s o  described. 

Beyond these  desc r ip t ions  a r e  medical research  e f f o r t s  cu r ren t ly  

underway, which w i l l  provide a be t t e r  understanding of  t he  physiological  

aspec ts  of long-term space f l i g h t .  

11. C r e w  Systems Development 

Environmental Control Systems 

I n  Pro jec t  Mercury, a semi-closed-type environmental con t ro l  system, 

as shown i n  s l i d e  1, w a s  s e l ec t ed  t o  conserve oxygen and thus reduce 

system weight. The as t ronaut  wore a f u l l  pressure s u i t  a t  a l l  times t o  

provide pro tec t ion  i n  the  event of cabin decompression. 

and s u i t  were maintained a t  a pressure of 5 p s i a  with oxygen. 

Both the  cabin 

The cabin 

system b a s i c a l l y  provided a method for  the con t ro l  of  cabin pressure  

between 4.1 and 5.1 p s i a  and for  the thermal con t ro l  requi red  to  maintain 

on board system temperatures. The space s u i t  c i r c u i t  provided a continuous 

flow of  oxygen i n  a r e c i r c u l a t i n g  loop. This oxygen was d i s t r i b u t e d  

throughout t h e  space s u i t  f o r  body v e n t i l a t i o n  and breathing purposes. 

The metabolic products such as hea t ,  carbon dioxide,  odors,  and water 

vapor were removed o r  con t ro l l ed  i n  th is  loop. Several  automatic modes 

of  p re s su r i za t ion  operat ion were provided. I n  the  Mercury f l i g h t s  t h e  

environmental con t ro l  system performed s a t i s f a c t o r i l y  except f o r  thermal 

c o n t r o l  v a r i a t i o n s .  

The c i r c u i t  thermal cont ro l  of the space s u i t  w a s  maintained by u t i -  

l i z i n g  a water b o i l e r  type hea t  exchanger similar t o  t h a t  depicted i n  s l i d e  

2. The quan t i ty  of cool ing water flowing i n t o  the  hea t  exchanger was metered 

manually by the  as t ronaut .  Boiling of t h i s  water w a s  e f f ec t ed  by the vacuum 

of  space,  and i n  t h i s  way t h e  s u i t  c i r c u i t  gas was cooled. I n  the  f i r s t  t w o  
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manned Mercury o r b i t a l  f l i g h t s ,  and as t ronaut  w a s  provided a sensor/-  

warning s igna l  intended t o  i n d i c a t e  when excessive water flowed i n t o  

the heat exchanger. 

than preceded, f reez ing  of  water i n  t h e  hea t  exchanger and exhaust dus t s ,  

and the re fo re  s u i t  temperature cont ro l  w a s  no t  s a t i s f a c t o r y .  

s u l t ,  a labora tory  study was made on ice formation i n  the  hea t  exchanger. 

It was found t h a t  r e loca t ion  of the  thermal sensor would improve water 

flow t o  the  hea t  exchanger. 

measurement wi th in  the  hea t  exchanger was displayed. 

thermal levels were s a t i s f a c t o r i l y  cont ro l led .  

problems were, however, again encountered i n  Astronaut Cooper's f l i g h t .  

He  repor ted  an excessive amount of water flow adjustment w a s  required 

to  be  maintained and kept i n  operation. It is  f e l t  t h a t  the  con t ro l  of the  

extremely small water flows i n t o  the hea t  exchanger i n s u f f i c i e n t  t o  remove 

the  v a r i a b l e  hea t  load produced by the  as t ronaut  and was too s e n s i t i v e  and 

dzlieate fcr manual cont ro l .  Changes i n  metabolic hea t  loads,  while 

It was found tha t  the warning s i g n a l  followed, rather 

As a re- 

I n  Astronaut Sch i r r a ' s  f l i g h t ,  a temperature 

S u i t  temperature 

The s u i t  thermal con t ro l  

s leeping ,  necess i t a t ed  a reduction i n  water flow while increased work 

rates required increased water flow. 

c o n t r o l  systems, the  thermal regula t ion  of s u i t  temperature w i l l  be semi- 

automat ical 1 y con t r o l  1 ed . 

In  the  Gemini and Apollo environmental 

Food Provisions 

Food provis ions were included i n  the  Mercury f l i g h t s  pr imar i ly  as 

a research  experiment to  determine the  a s t ronau t s '  a b i l i t y  t o  consume 

s o l i d s ,  paste- type foods and l i qu ids  under zero gravi ty .  

the typ ica l  foods flown i n  the  f i r s t  t h r e e  manned o r b i t a l  f l i g h t s .  These 

S l i d e  3 shows 

i t e m s  cons is ted  of c o l l a p s i b l e  tubes of  puree foods such a5 meats, f r u i t  
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and vegetables ,  malted milk t a b l e t s ,  and b i t e - s i z e  h igh-ca lor ie  cubes i n  

a dispenser .  

these foods without encountering problems of inges t ion  o r  swallowing. 

Some of  the  so l id- type  foods were found t o  crumble, causing particles t o  

f l o a t  i n  the  cabin.  I n  Astronaut Cooper's f l i g h t ,  experimental f reeze-  

d r i ed  foods ( s l i d e  4)  being developed f o r  the Gemini f l i g h t  p r o j e c t  were 

u t i l i z e d .  I n  addi t ion ,  b i te -s ized  s o l i d s  were provided with an ed ib l e  

coa t ing  which prevented the  crumbling previously experimented. 

were encountered i n  rehydrat ing the freeze-dr ied foods. The normal 

dr inking  water nozzle  i n  Cooper's spacecraf t  w a s  modified to  mate with 

the  freeze-dr ied food packages and water w a s  de l ivered  under pressure  

t o  rehydra te  the food. During the f l i g h t ,  the  water de l ive ry  system 

developed a leak  i n  a f i t t i n g  and s u f f i c i e n t  water pressure  w a s  no t  

a v a i l a b l e  t o  force  water i n t o  the  freeze-dr ied food packages. Also, 

some water d rop le t s  f l oa t ed  f r e e  of t h e  nozzle when separated from the  

food packages. As a r e s u l t  of t h i s  f l i g h t  experience,  redesign of t h e  

Gemini water nozzle  i s  being accomplished t o  in su re  t h a t  once the  nozzle  

is turned off and disconnected, f r ee  water w i l l  no t  be present  t o  f l o a t  

away i n t o  the  cabin.  

During these  f l i g h t s ,  t h e  as t ronauts  consumed p a r t  o r  a l l  of 

Problems 

The f reeze-dr ied  foods se lec ted  fo r  use i n  the  Gemini spacecraf t  

provide t h e  l i g h t e s t  poss ib l e  food packaging. The bas i c  foodstuff  i s  

prepared by f reez ing  the  food a t  the same time the  pressure  i s  reduced 

removing the  water ,  

i s  app l i cab le  t o  meats, vegetables,  f r u i t s ,  j u i c e s ,  and most common 

beverages.  

ioum temperature a ~ &  ~ r e ~ . s y e s   he t=rste and n u t r i e n t  value.  The food, 

This dehydration technique of food preserva t ion  

This process  permits long-term s torage  of the  food a t  

_- - 
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packaged in single-meal form, is reconstituted by the addition of water. 

Packets are easily stored in selected locations in the spacecraft. 

Partially-used portions are resealed and stored for further use or dis- 

posal. 

food is shown on the next slide. 

A comparison between an early Mercury menu and the proposed Gemini 

A day's ration of a varied menu using typical breakfast, lunch, and 

dinner foods provides 2,500 cal./day, weighs 1.3 pounds, and is stored 

in approximately 100 cubic inches. 

Bioinstrumentation 

The physiological parametery measured during Astronaut Cooper's 

flight consisted of two-channeled electrocardiogram--respiration, blood 

pressure, and oral body temperature. 

on the next slide. 

ground command to a pressure of approximately 250 nun Hg. 

pressure was allowed to decay linearly with time. The auterial sounds 

VL.?TO meamired by a microphone and the sound signals were superimposed on 

the decaying pressure curve, 

pressure levels were determined. Body temperature measurements in the 

earlier manned flights utilized a rectal sensor. 

flight, this was replaced by an oral probe which the astronaut utilized 

on ground comnand. When not in use this temperature probe was attached to 

the astronaut's conarmnication ear cup and thus gave a readout of space suit 

ventilation gas exit temperatures. 

The blood pressure cuff is shown 

This cuff was manually inflated by the astronaut on 

This cuff 

In this way the diastolic and systolic 

In the last Mercury 

Atmospheric Instrumentation 

The measurement of oxygen and carbon dioxide partial pressure in 

the Mercury flights was a problem. 

oxygen and carbon dioxide part lea? pressure were developed for the Cooper 

Satisfactory sensors for measuring 
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f l i g h t .  The e a r l y  oxygen p a r t i a l  pressure sensors  u t i l i z e d  a polaro- 

graphic method of determining oxygen concentrat ion,  

with these  sensors  was the  sho r t  she l f  l i f e ,  tha t  i s ,  the  e l e c t r o l y t e  

The major problem 

d r i ed  ou t  i f  i t  w a s  no t  maintained i n  a r i g i d l y  con t ro l l ed  atmosphere. 

This c h a r a c t e r i s t i c  posed se r ious  opera t iona l  problems i n  se rv ic ing  on 

the  launch pad. 

Cooper's f l i g h t  u t i l i z e d  a g l a s s  e lec t rode  type sensor which w a s  a 

The carbon dioxide p a r t i a l  p ressure  sensor developed f o r  

modif icat ion of a labora tory  pH sensor. Both the  oxygen and the carbon 

dioxide sensors  performed s a t i s f a c t o r i l y  i n  t h i s  f l i g h t .  

Space S u i t s  

The space s u i t  used by Cooper w a s  a r e f ined  model of  these  previously 

used i n  t h e  Mercury f l i g h t s  ( s l i d e  5 ) .  Throughout the  Mercury p r o j e c t  a 

cont inuing developmental program was conducted t o  provide space s u i t s  

u t i l i z i n g  t h e  latest technological advances compatible w i t h  the  con- 

s t r a i n t s  imposed by the  spacecraf t  conf igura t ion  and mission. Such 

u r i n e  c o l l e c t i o n  and t r a n s f e r  system, and improved shoulder cons t ruc t ion  

t o  provide increased upper toroso mobil i ty ,  and a mechanical v i s o r  seal 

are examples of product improvement which was  accomplished. The Mercury 

space s u i t  w a s  flown only as a cabin pressure  backup. It was  necessary 

t o  provide s u f f i c i e n t  arm and shoulder mobi l i ty  t o  permit the  ast, v n a u t  

t o  perform con t ro l  tasks  while pressurized.  The Gemini space s u i t  de- 

velopment program i s  based on the  Mercury design and f l i g h t  experience 

and a c r i t i c a l  review of those requirements pecu l i a r  t o  t h e  Gemini program. 

The Gemini s u i t  problems inc lude  long-term h a b i t a b i l i t y ,  mobi l i ty ,  and 

comfort. An e f f o r t  has been made to reduce the  number of Tui t  s e rv i ce  

connections and t h e  helmet has been designed without e x t e r i o r  connections. 
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The Apollo space s u i t  development program has as i t s  prime ob jec t ive  the  

requirement t o  support  a man on the lunar  su r face  fo r  s c i e n t i f i c  explor- 

a t ion .  The space s u i t  assembly w i l l  c o n s i s t  o f  the s u i t ,  po r t ab le  back- 

pack l i f e  support  system, power supply, and communications systems. The 

s u i t  must provide t o t a l  body mobili ty and comfort and thermal p ro tec t ion  

aga ins t  t h e  lunar  environment. 

spacec ra f t  during cr i t ical  f l i g h t  phases t o  provide p ro tec t ion  i n  the 

event of  cabin decompression. 

111. Physiological  Design C r i t e r i a  

The s u i t  w i l l  be u t i l i z e d  on board the  

The increase  i n  f l i g h t  mission t i m e  and the  ever present  need f o r  

providing l i f e  support  and crew p ro tec t ive  systems a t  the minimum weight 

and volume have required the  phys io logis t  t o  e s t a b l i s h  b e t t e r  design 

c r i t e r i a  w i t h  r e spec t  t o  human tolerance and performance t o  assist i n  

spacec ra f t  and system de ta i l ed  design. This area of work includes 

acce le ra t ion ,  no ise ,  v ib ra t ion ,  atmospheric composition and pressure ,  

metabolic and thermal balance, and n u t r i t i o n .  

research  programs a r e  cu r ren t ly  underway to  e s t a b l i s h  o r  v a l i d a t e  the  

Many var i ed  physiological  

design goals  f o r  Gemini and Apollo. 

are presented to  i l l u s t r a t e  the scope of this e f f o r t .  

A few examples of these programs 

Human Tolerance to Impact Loads 

Current spacecraf t  bas i ca l ly  u t i l i z e  a high drag re -en t ry  with a 

parachute  landing system. This type of system, inherent ly  r equ i r e s  t h a t  

the spacecraf t  land a t  a r e l a t i v e l y  h igh  v e r t i c a l  ve loc i ty .  Under t h e  

c o n s t r a i n t s  of these landing loads i t  is e s s e n t i a l  t h a t  the  crewmen be  

provided with an adequate body support system i n  which the  landing loads 

on the  body are reduced t o  the  lowest l e v e l  cons i s t en t  with r i s k  of 
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i n j u r y  and weight considerat ions.  

impact bag device was developed to  a t t enua te  the  landing loads t o  permit 

s a f e  ground landings.  

penalty.  Since t h e  Apollo spacecraf t  i s  t o  employ a parachute recovery 

system similar t o  Pro jec t  Mercury, i t  became apparent a t  the start t h a t  

human to le rance  t o  impact should be more p rec i se ly  defined t o  preclude an 

excessive weight penal ty  fo r  landing load a t tenuat ion .  

therefore  es tab l i shed  t o  def ine  human to le rance  for  t ransverse ,  lateral  

and r e s u l t a n t  impact landing loads. 

t h i s  j o i n t  e f f o r t .  

ins t rumentat ion systems and t e s t  condi t ions were establ ished.  Each 

labora tory  conducted tests i n  one area of study w i t h  some overlap f o r  

co r re l a t ion .  

work could be evaluated on a common b a s i s  so t h a t  mission l i m i t s  could be 

es tab l i shed .  S l i d e  6 summarizes the  r e s u l t s  of t h i s  study. Considering 

a man i n  the  supine pos i t i on ,  r;he e n v e l o p e  of tl'r~ Z C C ~ ~ Z ! ? ~ . =  i q ~ t  

forces  may be described a s  a 15g cy l inder  having a 20g (EBI o r  + Gx) 

sphe r i ca l  cap. For e s s e n t i a l l y  forward ac t ing  forces ,  the  l i m i t s  are 

20g. For la teral ,  headward, and ta i lward ac t ing  forces ,  the  limits are 

15g. Spec i f ic  rates of onset  ( r a t e  of app l i ca t ion  of g) are assoc ia ted  

wi th  these  l i m i t s  a l so .  For forward ac t ing  forces ,  the  allowable rate 

of onset  is  10,OOOg per  second; for la teral  ac t ing  forces ,  1,0009 per 

second; and fo r  headward and tailward ac t ing  forces  500g per second. 

For the  intermediate  45' d i rec t ions  having a forward ac t ing  component, 

t h e  rate of onse t  may be 1,OOOg p e r  second a l so .  

I n  the  Mercury spacecraf t  program an 

This development r e su l t ed  i n  a considerable  weight 

A program w a s  

Three l abora to r i e s  cooperated i n  

I n  t h i s  program common support  and r e s t r a i n t  systems, 

A t  t he  completion of these  tests each individual  i n v e s t i g a t o r ' s  
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The l i m i t s  described a r e  va l id  only f o r  t he  range of  va r i ab le s  

ind ica ted .  Veloci ty  changes, r i s e  t i m e ,  and d i r e c t i o n  of appl ied  forces ,  

must be wi th in  the  l i m i t s  indicated.  

must be similar i n  p r i n c i p l e  t o  tha t  shown by s l i d e  7. The head, shoulders ,  

and p e l v i s  must be supported l a t e r a l l y  by e s s e n t i a l l y  r i g i d  s t r u c t u r e .  The 

depth of t he  lateral supports  i n  the front-to-back d i r e c t i o n  should be such 

t h a t  t he  sub jec t ' s  body cannot r o l l  up and over the  s i d e s ,  

harness  should thoroughly r e s t r a i n  the  s u b j e c t ' s  ches t ,  p e l v i s ,  and thighs.  

The restraint and support  systems 

The r e s t r a i n t  

Gaseous Environment Se lec t ion  

The s e l e c t i o n  of the  optimum atmosphere f o r  spacec ra f t  use  which 

would be compatible with operat ional  requirements, physiological  consider-  

ations, weight p e n a l t i e s  and system r e l i a b i l i t y ,  has been a cont inuing 

program i n  the  NASA Manned Space F l ight  program. 

u t i l i z e d  a nea r ly  pure oxygen atmosphere a t  a pressure  o f  5 ps ia .  

Gemini and Apollo spacecraf t  l ikewise w i l l  u t i l i z e  t h i s  atmosphere. 

i n  Khe drvelopiiieiit phase cf the I s t t e r  t r ~ n  flight projects i t  became 

apparent  t h a t  t he  phys io logis t  must  b e t t e r  de f ine  the  e f f e c t s  of long- 

t e r m  exposure to  an atmosphere of pure oxygen a t  a pressure  of 5 ps ia .  

It was  f e l t  t h a t  if the re  were no compelling physiological  contraindica-  

tions t o  the  use  of a s i n g l e  gas system, the  o v e r a l l  mission r e l i a b i l i t y  

would be  increased.  The r a t i o n a l e  behind th is  statement w a s :  (1) the 

use  of a two-gas system i n  a spacecraf t  from which extra-vehicular  

opera t ion  would take  p lace  might r e s u l t i n  bends r i s k  o r  perhaps increase  

the t i m e  f o r  a crewman t o  go from s h i r t s l e e v e  environment cons i s t ing  of 

t w o  gases t o  space s u i t  operation with oxygen a t  a pressure  of 3.5 p s i a ,  

The Mercury spacecraf t  

The 

Early 



10 

and (2) t he  use  of a s i n g l e  gas system reduces seve ra l  complicated system 

con t ro l  components e s s e n t i a l  f o r  the  opera t ion  of a two-gas system. 

I n  order  t o  a s c e r t a i n  t h a t  t he  s i n g l e  gas system of 100 percent  

oxygen a t  a pressure  of 5 p s i a  d id  not present  physiological  l i m i t a t i o n s  

f o r  f l i g h t  missions of  14 days, a program was formulated wherein human 

volunteers  were subjected t o  t h i s  gas. 

t o  conduct these  s tud ie s .  

s ta t ic  condi t ions within low pressure chambers. 

t h a t  included the  dynamic f ea tu res  of t he  mission, by inducing the  launch 

and re -en t ry  acce le ra t ion  p r o f i l e s  a t  t h e  beginning and end of t he  14-day 

dura t ion ,  respec t ive ly .  The r e s u l t s  of t h i s  series of tests revealed 

no physiological  reason why a s ing le  gas system should not  be u t i l i z e d  

Several  organizat ions were asked 

A por t ion  o f  the  program was conducted under 

Others were conducted 

f o r  t he  t i m e  per iod being considered. 

IV. Biomedical Aspects 

Two pr inc ipa l  problem areas present ly  command our a t t e n t i o n  regarding 

the biomedical o r  physiological  e f f e c t s  oi pr~?snl;e? s p c e  f l i g h t .  These 

p o t e n t i a l  hazards relate to  the cardiovascular  and musculoskeletal  systems 

of t he  as t ronaut .  

Cardiovascular Considerations 

The cardiovascular  responses of  the  Mercury a s t ronau t s  during and 

following the  dynamic phases of the  f i r s t  t k e e  o r b i t a l  f l i g h t s  a r e  

publ ished and f ami l i a r  da t a ,  ( 2 , 3 , 4 )  and the  r e s u l t s  of Cooper's 34-hour 

f l i g h t  are soon t o  be re leased  (5). I n  general ,  l i f t - o f f  and re -en t ry  

are at tended by a s l i g h t  t o  moderate increase  i n  blood p r e s s u r e  and 

heart rate, with a resumption of "normal" o r  con t ro l  values  during 
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o r b i t a l  f l i g h t .  

a t tended by s igns  of pos tu ra l  hypotension observed i n  t h e  as t ronaut  during 

the  e a r l y  recovery period. 

The la te r  f l i g h t s  of longer dura t ion ,  however, have been 

Following the  9-hour 12-minute MA-8 f l i g h t  of Sch i r r a ,  an increased 

l a b i l i t y  of  blood pressure  and pulse  r a t e  w a s  noted co inc ident  with 

pos tu ra l  changes. Thus, when supine, t he  pulse  rate averated some 70 

bea ts  per  minute, increas ing  immediately t o  100 o r  g r e a t e r  on s tanding.  

The accompaying blood pressure  changes were less dramatic,  bu t  t he re  was 

nonetheless  a s i g n i f i c a n t  drop i n  s y s t o l i c  pressure  on s tanding.  

apparent change i n  the  d i a s t o l i c  pressure w a s  observed. 

ta ined  a weight loss of 44 pounds. 

con t r ibu t ing  f a c t o r  i n  t h i s  episode of pos tu ra l  hypotension. 

No 

Sch i r r a  sus- 

Thus, dehydration w a s  doubt less  a 

I n  view of these  and o the r  data ,  i t  would seem evident  t h a t  the  

prolonged weight less  s t a t e  has a fundamental and profound e f f e c t  on 

the  cardiovascular  homeostatic mechanisms i n  man, and that this e f f e c t  

i s  increased by dehydration. 

This area i s  cu r ren t ly  under in t ens ive  inves t iga t ion  i n  normal 

hea l thy  humans subjected t o  s t r i c t  immobilization €or varying per iods 

o f  t i m e .  

p r e c i s e l y  the  bas ic  e t io logy  of t h e  observed pos tu ra l  hypotension 

phenomenon, the con t r ibu t ing  endocrine and f l u i d  balance f a c t o r s ,  and 

t h e  ind ica ted  remedial measures. 

These s t u d i e s  represent  a concerted e f f o r t  to  def ine  more 

Other cu r ren t  research programs are d i r ec t ed  toward examining the  

phys io logica l  f a c t o r s  of o r b i t a l  f l i g h t  as compared w i t h  compet i t ive 

a t h l e t i c  events  and similar s t r e s s f u l  s i t u a t i o n s  such as f o o t b a l l ,  spo r t s  
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c a r  rac ing ,  ice hockey, polo,  crew, and sky-diving. Preliminary da t a  

obtained a t  a s p o r t s  c a r  racing event i n d i c a t e  t h a t  these  competit ions 

are considerably more taxing t o  the cardiovascular  system than are ea r th -  

o r b i t i n g  f l i g h t s .  Thus, telemetered physiological  da t a  from expert  s p o r t s  

c a r  racers during a recent  na t iona l  competit ion,  revealed a mean pulse  

ra te  o f  approximately 200 with a r e s p i r a t i o n  r a t e  of 42 i n  c e r t a i n  i n d i -  

v idua ls .  This occurred during a 60 l a p  event l a s t i n g  90 minutes with an 

average speed of 83.5 mph over an i r r e g u l a r  course (Watkins Glen, New York). 

Comparison of these da t a  with those of  the  as t ronauts  during launch, o r -  

b i t a l  f l i g h t ,  and re-entry (2,3,4) i n d i c a t e s  t h a t  space f l i g h t  i s  not  

nea r ly  so demanding of the  cardiopulmonary system of  man as are endurance 

a t h l e t i c  con te s t s  such as s p o r t s  ca r  racing. 

Further ,  the  capac i ty  of the  human organism t o  do sustained work o r  

exe rc i se  under hypogravic condi t ions does not  appear to  be diminished. 

I n  f a c t ,  exerc ise  during o r b i t a l  f l i g h t  with the  as t ronaut  u t i l i z i n g  a 

timed-measured workload would appear t o  be s i g n i f i c a n t l y  less taxing, both 

sub jec t ive ly  and objec t ive ly .  The next  s l i d e  shows t h e  pulse  rate and 

blood pressure  changes r e s u l t i n g  €run an i n - f l i g h t  workload of 60 foot  

pounds per  second f o r  a 30 second per iod of t i ne .  There was  a somewhat 

h igher  mean pulse  rate during exerc ise  under weight less  condi t ions than 

during the  p r e f l i g h t  con t ro l  runsg and somewhat higher  blood pressure  

va lues  w e r e  reg is te red .  I n  addi t ion ,  the  mean pulse  rate remained 

e leva ted  f o r  a longer period of t i m e  following the  i n - f l i g h t  exe rc i se  

pe r iod ,  Subject ively,  the  p i l o t s  reported t h a t  t he  actual performance 

of t he  exe rc i se  i n  the  grav i ty- f ree  s ta te  was l e s s  f a t igu ing ,  less of 
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an exertion of effort than were the control ground runs. 

these workloads are not excessive in terms of weight or duration of 

effort, but they do provide some information regarding the ability of 

the astronaut to perform physical tasks, and further provide some insight 

into the physiological aspects of this in-flight effort. 

ments will endeavor to determine the effects of greater and more sustained 

effort on various physiological parameters following more lengthy periods 

of weightlessness. 

Admittedly, 

Future experi- 

Musculoskeletal Considerations 

Another major area of physiological concern during extended space 

flights relates to anticipated muscle atrophy and bone demineralization 

during prolonged exposure to weightlessness. The Mercury data (2,3,4) 

thus far obtained indicate that in the relatively short flights, at 

least, no significant mobilization of nitrogen or calcium occurred. Ex- 

tensive research programs are now in progress whose aim is to define 

optimal isometric exercise regimens and dietary requirements which will 

prevent, or mitigate to a great extent, the  nitrogen arid calcium losses 

anticipated during lengthy space flights. 

V. Summary 

The Mercury environmental control system provided a satisfactory 

method for the control of the gaseous envtronment for flights up to 34 

hours. Problems were encountered in thermal control. The other: Mercury 

life support systems including space suits, food, water, and instrumenta- 

tion, are providing a strong base on which the Gemini and ApolPo systems 

are being developed. Many varied programs in better defining physioZogica1 
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design requirements are underway to insure proper system designs con- 

sistent with weight and volume considerations. 

medical experimental programs are being pursued to provide a better 

understanding of the problems associated with weightlessness and the 

physiological cost of high stress. 

Ground-based and flight 
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